



























hJournal of Cardiology 63 (2014) 321–328
Contents lists available at ScienceDirect
Journal  of  Cardiology
jo ur nal home page: www.elsev ier .com/ locate / j j cc
eview
adial  artery  as  graft  for  coronary  artery  bypass  surgery:
dvantages  and  disadvantages  for  its  usage  focused  on
tructural  and  biological  characteristics
ikolaos  G.  Baikoussis  (MD,  PhD)a,∗, Nikolaos  A.  Papakonstantinou  (MD)b,
fstratios  Apostolakis  (MD,  PhD)b
Cardiac Surgery Department, Institut Mutualiste Montsouris, Paris, France
Department of Cardiac Surgery, Ioannina University Hospital, School of Medicine, Ioannina, Greece
 r  t  i  c  l  e  i  n  f  o
rticle history:
eceived 4 September 2013
eceived in revised form 1 November 2013
ccepted 14 November 2013
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Radial  artery  (RA)  is  the  most  popular  arterial  graft  after  the  left internal  thoracic  artery  in  both  low-  and
high-risk  patients  undergoing  coronary  artery  bypass  grafting.  Various  arterial  grafts  such  as  the  right
internal thoracic  artery, the  right  gastroepiploic  artery,  and  the  inferior  epigastric  artery  have  also  gained
ground  over  the past 30 years  because  of the intimal  hyperplasia  and  atherosclerosis  of the  saphenousvailable online 11 February 2014
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vein  leading  to  late  graft  occlusion.  In  this  review  article  we  would  like to present  the  utility  of the  RA as
a  graft,  focused  mainly  on its  structural  and  biological  characteristics.
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ntroduction
The internal thoracic artery (ITA) graft, having a patency rate of
pproximately 90% as a bypass conduit to the left anterior descen-
CABG and improving survival rates [5–7], has become the gold
standard of care [8]. Various arterial grafts – the right internal
thoracic artery (RITA) [9,10], the right gastroepiploic artery (GEA)
[11,12], the radial artery (RA) [13,14], and the inferior epigastricing artery (LAD) at 10 years after coronary artery by-pass grafting
CABG) [1–3], is considered superior [4] to the saphenous vein (SV),
aving a patency rate of 50–60% [1–3]. Therefore, left internal mam-
ary artery (LIMA) to LAD graft, reducing late cardiac events after
∗ Corresponding author at: 42 Bd Jourdan, 75014 Paris, France.
el.: +33 786453697; +30 6974201838.
E-mail address: nikolaos.baikoussis@gmail.com (N.G. Baikoussis).
914-5087/$ – see front matter © 2013 Japanese College of Cardiology. Published by Else
ttp://dx.doi.org/10.1016/j.jjcc.2013.11.016artery (IEA) [15,16], have also gained ground over the past 30 years
because of the intimal hyperplasia and atherosclerosis of the SV
leading to late graft occlusion. In general, arterial grafts demon-
strate superiority to the SV long-term patency [17,18]. Carpentier
et al. [19] were the ﬁrst to introduce the RA graft for CABG in
1973. Poor short-term results (35–50% graft occlusion rate) due
to spasm [20] and intimal hyperplasia [21], resulted in the aban-
donment of its use as a graft. Nevertheless, in 1992, Acar et al.
[14] discovered incidentally that previous RA grafts were free from
vier Ltd. All rights reserved.
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rogressive graft disease and they reintroduced the RA as a con-
uit for CABG thanks to its good length, suitable inner diameter,
ase of handling, minimal donor site discomfort, and remarkable
hort-, mid-, and long-term patency [22–24]. Although it is prone
o early spasm because of its muscular structure, speciﬁc surgical
echniques [25,26], and pharmacologic prophylaxis in preoperative
nd postoperative periods [25,27] can prevent it. In our days, the
A is the most popular arterial graft after the ITA [28] in both low-
nd high-risk patients [29].
A harvesting technique
The nondominant hand is usually the donor site of the RA [30].
A harvest can be open or endoscopic, with or without the aid
f the ultrasonic scalpel, pedicled or skeletonized [31]. RA grafts
arvested by ultrasonic scalpel present importantly greater blood
ow than traditionally harvested RA grafts [32]. Conventional RA
arvest is performed in the way which Reyes et al. described in
995 [33]. A full-length forearm incision along the course of the
A is made extending from a point just before the palpable biceps
endon to a point between the tendon of the ﬂexor carpiradialis
uscle and the radial styloid [34]. Opening of the subcutaneous
at and deep fascia over the brachioradial muscle and radial ﬂexor
uscle of the wrist follows in order to expose the radial artery.
lips are located at all side branches which are then divided by
lectrocautery [35]. Before wound closure, careful hemostasis must
e realized to minimize the possibility of postoperative compart-
ental syndrome in the forearm [34]. Harvesting the RA with the
ccompanying veins and fat, minimal handling of the graft, limited
se of electrocautery, and avoiding probing or hydrostatic dilation
f the conduit are some important clues [33]. Psacioglu et al. [36]
ntroduced in 1998 a modiﬁed RA harvesting technique. Using an
ltrasonically activated scalpel and without clipping the vessel side
ranches, they managed to improve the harvesting time, the fre-
uency of spasm, and the trauma [36]. The harmonic scalpel (HS),
eing used even through endoscopic devices, can cut and coagulate
ausing minimal thermal injury of the graft [25,32,37–41]. Searches
ith the scanning electron microscope [42] and Lamm et al. [43]
eported that when HS is used, the trauma to the endothelium of
he conduit is reversible in comparison to conventional electro-
autery. This technique with the HS can constitute a remarkable
lternative to endoscopic RA harvesting as it is shorter, no clips are
sed, it costs less, and complete bleeding control is possible [44].
onnolly et al. [45] have described an endoscopic RA technique.
he patient is lying on the back, with the arm in abduction and
he wrist in hyperextension. The skin is cut 3-cm longitudinally
eginning 1 cm proximal to the radial styloid so as for the Ultra-
etractor to be introduced and then, the RA is harvested as a pedicle
ith its accompanying veins and fat, assisted by a video with a 30-
cope using the harmonic shears. Endo-scissors are used to divide
he artery. Better exposure is achieved using CO2 insufﬂation [30].
n the other hand, the skeletonization technique pressuposes the
emoval of all surrounding tissue of the vessel, improving the graft
ength, diminishing the sternal wound infection rates for left (LITA)
nd bilateral (BITA) ITA grafts [26] and demonstrating high long-
erm patency [25]. A better spontaneous blood ﬂow through the
ore dilated skeletonized LITA in comparison with the pediculed
ITA was conﬁrmed by both Choi and Lee [46] and Wendler et al.
47]. Additionally, the skeletonization technique insures better
esponse of the LITA conduits to the intraluminal vasodilators [46].
ccording to Miyagi et al. [48], Amano et al. [25] and Ali et al. [26],
keletonization of the RA is superior to the pedicled technique in
erms of patency rates, ranging from 96.5% to 100% vs. 77.5% to
6.7%, respectively. However, there are also disadvantages, such as
rreversible injury to the RA or spasms provoked by electrocautery,
epending both on the surgical material and experience [27]. Asrdiology 63 (2014) 321–328
well, the subfascial dissection (fasciotomy) of the nervous plexus
prevents spasm because of less contact with the RA graft during
anastomosis. The posterior subfascial area is dissected along the
whole RA graft length for the purpose of sympathectomy improv-
ing the blood ﬂow through the conduit. Moreover, less damage to
the vessel which is kept dilated occurs [27]. In general, attention
has to be paid to the reduction of the surgical trauma around the
radial nerve, avoiding the direct use of knife, scissors, or cautery
and indirect harm of nerve (retractor, heat from cautery), as well
as at the harvest of the distal portion of the RA in order for the
median nerve blood supply not to be limited because of clips of
branch vessels [49].
Preoperative exclusion criteria for RA harvesting
The Allen test is the most widely used clinical test for preopera-
tive evaluation of sufﬁcient ulnar collateral circulation to the hand
[31,50,51]. A modiﬁed Allen test, using a pulse oximeter placed on
the thumb, contributes to assure an intact palmar arch observ-
ing the pulse and saturation [30,49]. The pulses of the RA and
of the ulnar artery (UA) show their location. The examiner holds
lightly the patient’s wrist between the thumb and ﬁngers plac-
ing simultaneously each thumb over the RA and UA. The patient,
after having closed his or her hand as tightly as possible for a
period of 1 min, relaxes it avoiding hyperextension, and the UA
is then released. If the color to the hand and ﬁngers and oxygen
saturation return to normal within ﬁve seconds, the test is nor-
mal. Recovery after the passing of this time means an abnormal
Allen test result [50,51]. Despite being a gold-standard screening
method for forearm occlusive disease, the Allen test presents a
high false-positive rate [52–55]. Therefore, it has been criticized
[56,57] for being too unreliable and subjective. Although it excluded
5–10% of CABG patients from RA harvest [52–55] (15–23% in other
studies [56–58]), the RA could be safely dissected from most of
these patients [52–55]. Abu-Omar et al. [50] reported that 88% of
patients with a positive Allen test had no forearm arterial occlusive
disease according to Doppler ultrasonography, thus the RA could
be harvested without any ischemic complications in the hand. A
rare case of severe hand ischemia in a patient despite a negative
Allen test result was also reported [13,59–62]. A well-developed
collateral circulation [63], a superﬁcial dorsal branch of the RA,
or a median artery [64] can provoke such a misleading result.
Hence, other supplementary assessment techniques, such as digital
plethysmography, and Doppler ultrasonography, have been used
[50].
Doppler ultrasonography of RA not only allows for the evalu-
ation of the ulnar collateral circulation to the hand, but also for
the preoperative estimation of poor RA quality because of a small
diameter, vessel wall arteriosclerosis, or calciﬁcation [35]. Hence,
all patients should have a Doppler study done [65]. Nevertheless,
ultrasonography- or plethysmography-based screening tests have
also a relatively high false-positive rate [66–72]. Ultrasonographic
scanning of the full-length UA, as proposed by Abu-Omar et al. [50],
appears to have a relatively low false-positive rate, thus augment-
ing the number of patients proper for RA harvest.
RA characteristics
The RA is an advantageous conduit. It has an adequate length
to reach any coronary vessel [73] (more than 20 cm on average
[31]), can be harvested with the IMA  and SV at the same time, is
easy to manipulate surgically [13,52,74] having a more superﬁcial
anatomical location [35], is less risky for sternal wound infection
and mediastinitis compared to use of RITA or BITA [35,75], has
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nd has fewer infections than saphenous vein sites [76]. Proper
iameter (2–3 mm without size mismatch to the coronary arter-
es [31]), robust structure, and relative resistance to kinking are
ome additional advantages of the RA [73]. However, the neurologic
roblems [49], which have been described as the most common
omplications following RA harvest [77,78], constitute a serious
roblem of the RA harvesting and the tendency for vasospasm is
ts most important negative characteristic [79]. According to his-
ologic studies, its elastic laminae have one layer with multiple
enestrations. This is the reason why the RA presents a vulnerabil-
ty to atherosclerosis [80]. Moreover, diabetes mellitus and renal
ysfunction aggravate vascular wall morbidity [81,82]. According
o Gaudino et al. [83] atherosclerotic changes in the RA had little
nﬂuence on the mid-term graft patency rate, whereas Ikeda et al.
84] demonstrated postoperative accelerated intimal hyperplasia
n RA grafts. However, although graft disease, meaning progressive
therosclerotic change, is a common situation as early as 5 years
fter surgery in SV grafts [85], no such situation is found in RA con-
uits [85,86]. He et al. noted that the RA produced less NO than the
TA [87]. Additionally, the media of the RA is approximately 1.7-fold
hicker than the ITA media including many smooth muscle cells
rranged in several layers [88,89], whereas the IMA  is composed
f more elastic components [90]. However, the greater contractil-
ty of the RA is also dependent on a receptor-mediated mechanism
91], as the RA and ITA have different subtypes of a receptor on
mooth muscle cells [92,93]. Moreover, the intense reactivity of
he RA to vasoactive mediators, such as endothelin I, angiotensin
I, norepinephrine, serotonin, and thromboxane A, being released
fter endothelial damage caused by surgical trauma and platelet
ggregation, can also explain its spastic character [14,94]. In addi-
ion, the ﬂow competition phenomenon with mildly stenotic native
oronary arteries is common in RA grafts [95–103]. Spasm but not
essel occlusion may  be observed in a small percentage of cases.
his phenomenon “string sign”, is presented in target vessels with
tenosis less than 90% and in patients needing alpha adrenergic
gonists [22,25,52,84,94].
RAs present similar long-term clinical results and angiographic
atency rates to these obtained with IMAs [104]. Several studies
52,105–109] show mid- and long-term patency rates from 83% to
6.8% after RA harvesting. Nevertheless, the severity of the target
essel stenosis signiﬁcantly inﬂuences the RA patency rate [110].
ccording to Royse et al., RA grafting to a vessel being less than
0% stenosed led to a signiﬁcantly decreased patency rate, whereas
ore than 40% stenosis of the target vessel had no impact on
he patency rate of the ITA graft [96]. However, the target vessel
ocation minimally inﬂuences the RA patency rate, while there is
 remarkable inﬂuence of the target vessel location on the RITA
atency rate (patency rate of RITA to LAD, 91.9%; left circumﬂex
rtery – LCX, 90.1%; right coronary artery – RCA, 83.1%) [28].
RA grafts demonstrate similar patency either as composite grafts
ith the LITA as Y or T grafts or as an aortocoronary bypass
98–100]. However, Gaudino et al. proved that ﬂow competition
as more frequent in the composite RA conduits [101]. Their long-
erm patency was also poor by angiographic analysis, but it was
etter than the SV when there was good forward ﬂow [97,102,103].
ther disadvantages of composite compared with aortocoronary
rafts are the technical difﬁculty and the fact that the supply of
any coronary territories is dependent on the ﬂow of a single vessel
95].
Older and diabetic patients are prone to have distal calciﬁcation
n the RA. In reoperations, a special problem is the cannulation
f the RA at the ﬁrst operation for arterial monitoring, resulting
n distal RA ﬁbrosis. If the RA is not absolutely normal, the distal
brotic portion can be left in situ and the proximal RA can be used
73]. But what are the advantages of RA as a graft for the elderly?
irstly, despite atherosclerotic changes of the RA in the elderlyrdiology 63 (2014) 321–328 323
with coronary heart disease [111], the RA has still good quality
and function [35]. Similar functional results in elderly and young
patients are observed [112]. Afterward, it is easy to manipulate and
harvest this graft with minimal harvest site complications. Finally,
the long-term patency of RA for the elderly is considerable too [35].
According to a some studies [113,114], improved early clinical
and cosmetic results, decreased hospital expenditure, decreased
morbidity, and improved mid-term outcome are observed using
RA as a graft in the elderly. Moreover, Chen et al. [35] proved that
the patency rate was 95.8% for RA, 77.4% for SV graft, and 97.2% for
LIMA. In conclusion, the safety and effectiveness of the RA as a graft
in elderly patients, makes it absolutely appropriate for CABG [35].
Graft spasm without any clinical signs may occur shortly after
the operation, because of maximal RA reactivity within days of the
operation [52]. Reversible spasm is more frequent than is believed
and unstable hemodynamics can declare spasm only in grafts sup-
plying with blood critical coronary territories [115]. Moreover, the
mechanism of severe spasm in the RA appears to be more difﬁ-
cult to reverse compared with the LITA [116]. Spasm of the RA is
reported to happen in 4–10% of patients [114]. In order to prevent
it, no-touch technique or techniques avoiding endothelial damage
should be used [104]. Hence, the pedicled technique is simulta-
neously easy to learn and appropriate to minimize irritation to the
conduit [35]. In addition, Maruo et al. [117] demonstrated in vitro
arterial dilation in response to ultrasonic stimulation, because of an
endothelium-dependent release of nitric oxide and prostacyclin.
The gold standard to prevent RA spasm is systemic administra-
tion of diltiazem, in combination with topical spray of papaverine
[118] and the intraluminal injection of warm arterial blood includ-
ing papaverine [24,35,118,119]. Other topical RA antispasmodic
factors in clinical use are calcium channel blockers, verapamil,
and nitroglycerin (VG solution), phenoxybenzamine, and a phos-
phodiesterase inhibitor [90,120–124]. Avoidance of cold saline or
ice slush in the pericardium is also signiﬁcant to prevent spasm
[125].
These are the basic characteristics of each anti-spastic agent.
Oral diltiazem should last for more than 6 months [35]. The anti-
spasmodic action of papaverine was found to last for approximately
1 h, whereas VG solution was effective for 5 h [126] better pre-
serving endothelial function than papaverine [120]. According to
an in vivo study phenoxybenzamine caused vasorelaxation for up
to 16 h, but it had little action on vasoconstriction mediated by
noncatecholamine vasoactive mediators [127]. Clinically, phenoxy-
benzamine was superior to VG solution in decreasing myocardial
injury and perioperative adverse cardiac events [128]. Finally, mil-
rinone, a long-acting phosphodiesterase inhibitor, had good clinical
results when infused intraluminally to prevent RA spasm [124].
In a study by Yoshizaki et al. [115] including 215 patients, topical
use of VG solution led to better patency of RA grafts than papaver-
ine, which was  conﬁrmed by angiography more than a year after
the operation. Moreover, although papaverine causes vasorelax-
ation through multiple mechanisms: phosphodiesterase inhibition,
decreased calcium inﬂux, and inhibition of the release of intracel-
lularly stored calcium [129], it is very acid, resulting in damaged
endothelium [130–132]. Harm of the endothelium induces clot
formation and abnormal proliferation of endothelial cells, caus-
ing graft occlusion. These points also show the superiority of VG
solution to papaverine [131,132]. As far as phosphodiesterase III
inhibitors are concerned, they are beneﬁcial to systemic hemody-
namics, increasing cardiac output and reducing systemic vascular
resistance [133]. On the other hand, phenoxybenzamine binds irre-
versibly to -adrenoreceptor, so treatment during surgery can
last throughout the postoperative period (48 h) [134]. However,
some supplementary treatments are necessary to prevent spasm,
because it is effective only in -adrenergic-mediated vasoconstric-
tion [135].
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omplications after RA harvesting
Conventional RA harvesting is accompanied by signiﬁcant mor-
idity including bleeding, hematomas, wound infection, motor,
nd sensory nerve complications. The rate of these complications
avers from 0.5% to 67% [13,52,74,77,105,136–138]. Nevertheless,
ajor complications such as hand ischemia, wound infection, and
ematomas are rare with this surgical approach (0.2% and 1.5%)
13,52,74,77,105,136–138]. Signiﬁcant problems after RA harvest-
ng concern scars [30] and sensory nerve injuries, causing sensory
bnormality and numbness in 3–15% of patients [139,140]. Motor
mpairments are usually early ﬁndings of little clinical importance
136,141]. Finally, although severe hand ischemia after RA har-
est is rare [13,59–61], patients suffering from forearm arterial
cclusive disease are prone to this complication [110]. After RA har-
esting, the UA dilation compensates for the loss of the RA [110].
ccording to a plethysmographic study [142], after RA harvesting,
ts diameter increased by 15.7% and its ﬂow velocity increased
y 17.4%. However, Doppler ultrasonographic studies, showed
 reduction by 20% in the total forearm blood ﬂow [143,144].
 questionnaire-based survey, reported hand weakness, reduced
ith time, in fewer than 6% of patients [137,140] and limitation
n hand activity again in fewer than 6% of patients [137,145,146].
ence, in general, the postoperative function of the affected hand
s acceptable with no serious limitations in daily hand activity
110].
Patients complain about various hand problems after RA har-
esting for CABG [77,78,136,147–151]. Either radial nerve injury
r median nerve injury can cause these neurologic complications.
he radial nerve has both motor and sensory branches for the hand,
uch as the proximal interosseus nerve controlling the motion
f the thumb and ﬁnger extensors and 4–5 sensory branches for
he dorsum of the hand and for a fraction of the lateral thenar
49]. Dorsal sensory abnormality means injury of the superﬁcial
adial nerve, as it is close to the RA [77,136,137]. Radial nerve
amage can also provoke numbness [29,136,137] whereas median
erve damage can cause palmar sensory abnormality and thumb
eakness [77], which is due to weakness of the ﬂexor pollicis
ongus, a muscle innervated by a branch of the median nerve,
he anterior interosseus nerve [49]. The RA is also able to supply
hese structures with blood [77]. Direct injury during RA harvest-
ng or edema around the superﬁcial nerve or lateral cutaneous
erve of the forearm are responsible for the radial nerve dam-
ge [77,138]. As far as the median nerve is concerned, there is no
irect injury due to its relevant distance from the RA [77], but a
ocal carpal tunnel hematoma or edema may  be responsible [49].
schemia constitutes another reason for the damage of both of these
erves [49]. Royse et al. [136] in a study of 2167 harvested RAs
bserved that the territory of the lateral antebrachial cutaneous
erve (LABCN) had been affected in 15.5% of patients, having sen-
ory symptoms and the territory of the superﬁcial radial nerve
SRN) in 11.3%. Only 5% mentioned difﬁculty with daily activity.
ccording to a study of Meharwal et al. [137] in 3977 patients,
he incidence of sensory symptoms was 28%, decreasing with time,
hereas 12% mentioned limited hand activity. Moreover, Dogan
t al. [34] observed that median sternotomy, left chest retraction,
nd arm abduction harm the motor function of median and ulnar
erves. Chest retraction and arm abduction mostly inﬂuence the
lnar nerve and mechanical trauma is more harmful for radial and
edian nerves. Consequently, a less invasive endoscopic technique
as been used, so as to minimize the morbidity and cosmetic dis-
dvantages of RA harvesting [40,45,152]. Although elimination of
njury to the LABCN is observed, the SRN continues to be affected.
owever, cosmetic results are much better than in conventional
arvest [30].rdiology 63 (2014) 321–328
Comparison
RA conduits appear to be superior to SV grafts in terms of
early and late mortality and morbidity [153,154]. RA is asso-
ciated with better survival and freedom from cardiac events
[155]. According to several angiographic observational studies
[14,52,86,104–108,149,154,156–159] the RA either as an aorto-
coronary bypass or as a composite graft reached excellent short-
(96–100%), mid- (94–97%), and long-term graft patency (84–96%),
having exceeded SV graft patency. However, some studies demon-
strated similar long-term graft patency [75,98,101,159] and only
the Cleveland Clinic found that SV graft patency was  superior to this
of the RA [160]. According to Possati et al. [86] RA grafts had worse
long-term (105 ± 9 months) graft patency (88%) than LITA (96%),
but better than SV (53%). The Radial Artery vs. Saphenous Vein
Graft Patency (RSVP) trial [22] proved that the graft patency of the
RA to the circumﬂex coronary artery at 5 years (98.3%) was better
(p = 0.04) than that of the SV (86.4%) and graft narrowing happened
in 10% and 23% of patent RA and SV grafts, respectively (p = 0.01).
Nevertheless, the SV graft is still preferable as a graft to the right
coronary territory because composite RA grafts to the right coro-
nary branches are prone to ﬂow competition [13,95–97,100,161]
and the RITA to the right coronary artery presents lower early
graft patency [162,163]. Moreover, sternal infection happens less
frequently when RA conduits are used rather than when VGs are
used, probably because of the cleaner donor site compared with
legs and thighs. Avoidance of leg incisions in order for the patient
to be faster mobilized [73], limiting the risk of acute pulmonary
embolism caused by deep vein thrombosis [164], is also signiﬁcant,
as well as the lower rate of donor site complications accompa-
nying RA harvesting [73]. Dermatitis, cellulitis, greater saphenous
neuropathy, chronic non-healing wounds, and lymphoceles are the
most common leg-wound complications after SVG harvesting being
associated with substantial morbidity, longer hospital stays, higher
hospital costs, later mobilization, and additional surgical proce-
dures [53]. Tatoulis et al. [165] evaluated 2417 patients after RA
harvesting and reported a 0.08% incidence of ﬁngertip ischemia,
a 0.4% incidence of forearm hematoma, and no major forearm
infections, whereas leg-wound complications after SVG harvesting
range from 1% to 24% [166–168]. In another study [164], infection at
the harvest site was  observed in 6.4% of the patients who received
an SV graft, but none receiving arterial conduits. Moreover, diabet-
ics and elderly patients undergoing RA or SV CABG demonstrate
similar results. Erdil et al. [164] reported that, among patients of 65
years and older, there were similar perioperative morbidity and
mortality rates, as well as similar early postoperative outcomes
after CABG either using mostly RAs or a mixture of arterial grafts
and SVs. All the LIMAs were patent, as were 90.9% of the RAs, and
86.9% of the SVs. However, higher numbers of graft-harvest-site
infections and longer hospital stays also accompanied SV harvest-
ing [164]. In another study [155], RA grafts were superior to SV
grafts in terms of mean ﬂow of circumﬂex coronary artery grafts and
graft ﬂow reserve of right coronary grafts in diabetics and in terms
of mean ﬂow of circumﬂex coronary artery grafts in the elderly.
On the other hand, RITA and RA demonstrate equivalent clinical
and angiographic results during the ﬁrst 5–8 years, when they are
grafted to a non-LAD lesion [75,110,169], although RA is less associ-
ated with perioperative bleeding and sternal wound infection [75].
Buxton et al. [170], Lemma  et al. [75], and Calaﬁore et al. [169],
all showed no differences in survival rates and cardiac event-free
survival rates between patients with an RA graft and those with an
RITA graft. Moreover, although BITA use appears to be superior to
only LITA use [171–173], patients taking insulin or steroids, who  are
obese or have chronic obstructive lung disease are prone to ster-
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he RITA to LAD graft crosses the midline of the chest obstructing
otential reoperations [31].
ontraindications for RA harvesting
Forearm ischemia, as well as severe atherosclerosis with cal-
iﬁcation, dissection from prior cannulation [31], signiﬁcant RA
tenosis as revealed by Doppler ultrasonography, and a history of
asculitis or Raynaud’s disease [164] constitute contraindications
or RA harvest. Moreover, it has been reported that patients hav-
ng peripheral vascular disease, diabetes mellitus (also reported
s a predictor for RA spasms [176]) or elevated levels of creati-
ine are vulnerable to neurologic complications after RA harvesting
77]. Siminelakis et al. [49] also proved a connection between the
redictor variables, such as Euroscore, congestive heart failure,
iabetes mellitus, hypertension, perioperative use of intraaortic
alloon pump and low or moderate ejection fraction, and neu-
ologic abnormalities after RA harvesting. Apart from neurologic
roblems, congestive heart failure, hypertension [49], and low
uroscore also constitute a factor predicting hand complications
177]. Additionally, RA grafting seems to be inappropriate for <75%
roximal coronary occlusion, particularly in the right coronary
ranches [31,74]. A study reported that right coronary territory
atency was 82% vs. 94% for other territories (p = 0.022) after RA
arvesting [96]. However, diabetes is not a limitation to RA-grafting
155,178], which can also be used to reduce harvest-site infections
n alcohol-drinking patients [164]. Moreover, thrombotic occlusion,
aused by preoperative cardiac catheterization before CABG, is not
 contraindication to the use of RA after thrombectomy [31].
onclusion
RA appears to be a good graft for CABG surgery [179]. Its
arvesting is easy with minimal local neurological and vascular
omplications. Its length is adequate for every site and its patency
ppears to be superior to SV. The tendency for vasospasm is its most
mportant negative characteristic.
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